 The effect of riding speed on elimination of horses in Fédération Equestre Internationale endurance events was studied.
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Introduction
Endurance riding has enjoyed rising popularity in recent years, but one potential consequence of this has been increased competitiveness. Fédération Equestre Internationale (FEI) results over recent decades show that riding speeds are rising worldwide (Coombs and Fisher, 2012; Nagy et al., 2012) . Riding speeds may be associated with an increased risk of deleterious outcomes for horses, but this hypothesis has yet to be fully explored in an epidemiological study. Previously, only very specific data, such as 'average riding speed of the ride winner', has been included in published studies;
this is perhaps useful to indicate the pace of the runners, but it is not representative of every horse, particularly those that were eliminated. In the absence of studies focussed on detailed average speed data, the previous focus in the literature has been given to more general epidemiological studies (Nagy et al., 2010; Fielding et al., 2011; Nagy et al., 2014a, b) , examination of training regimens (Bolwell et al., 2015) and predictive modelling using data gathered at veterinary inspections (Younes et al., 2015) .
This paper presents the results of a large scale study of global endurance rides with the inclusion of individual riding speeds. The aim of this study was to use a multivariable model to assess associations between riding speeds and related risk factors, and deleterious outcomes affecting endurance horses. It was hypothesised that specific combination of horse, rider, and ride-level factors would be dominant in terms of risk exposure, and that individual riding speed would be a significant risk factor. Furthermore, it was hypothesised that sudden drops in riding speed at different stages (loops) could be predictive of deleterious outcomes later in a ride.
Materials and methods
Since 2010, the FEI has built up a (publicly-accessible) database of information containing outcomes and details of horses and riders in each FEI level endurance ride. This paper reports part of an overarching project known as the Global Endurance Injuries Study (GEIS) which, as a direct collaboration between the FEI and the University of Glasgow, United Kingdom, granted access to the complete raw data set behind the endurance database. The data sample from the GEIS used in this study contained a comprehensive record of every horse start in every Concours de Raid d`Endurance
International (CEI) event worldwide from 1 January 2010 to 31 December 2015. One of the recorded factors in the GEIS was the individual riding speed for each loop of a ride in which a horse participated.
The FEI endurance rules state that rides must be split into three to six loops, with horses being subject to veterinary examination before the start of the ride and at the end of each loop. To successfully complete a ride and record a result outcome (coded as R), horses must pass a final veterinary inspection. Other potential ride outcomes described by the rules are: (1) Retired (RET):
riders have the option to retire from a ride after successfully passing a veterinary inspection; (2) disqualified (DSQ): a breach of rules occurred; (3) eliminated (EL): the horse did not complete a loop; (4) finished, not ranked (FNR): the horse completed the ride but took longer to finish than the specified time limit; (5) withdrawn (WD): the horse did not turn up for the event, or otherwise did not start the ride; (6) failure to qualify (FTQ): the horse failed to pass a veterinary inspection; FTQ outcomes must be accompanied by a reason for the outcome, such as 'irregular gait' (GA), 'minor injury' (MI) or 'metabolic' (ME).
Outcomes were sorted into 'results', 'retired', 'FTQ LA', 'FTQ ME' and 'other'. The category 'other' included outcomes DSQ, FNR and WD, none of which were considered to be deleterious.
Two negative outcomes were assessed: (1) FTQ LA, for which the cases were only those horses that
failed to qualify because of lameness, i.e. irregular gait (GA in the FEI description); and (2) FTQ ME, for which the cases were only those horses that failed to qualify because of metabolic problems.
Data selection
For result outcomes, the GEIS speed data were complete. For horse starts that did not successfully complete their ride, some or all of their average speed data were not recorded in the database. Reasons for absent speed data were: (1) December 2015 for which the average speed data was recorded for all three loops. This cohort selection ensured that, for every horse start included, the data relating to every risk factor studied was complete (since every ride included at least three loops). Loop speeds were categorised by quartiles of the data, defined as 'fast' (top quartile), 'medium' (middle two quartiles) or 'slow' (lowest quartile). Twenty-five potential risk factors were considered in the multivariable models ( Table 1 ).
The FEI classifies nine geographic regions as described in Table 1 and reference therein. Appropriate mandatory rest periods (MRPs) were calculated for each applicable horse start, based on the distance completed in the previous ride, according to the 2015 rules. The standard deviation of the random effect (ρ) associated with individual horses was ρ < 0.001. Table 2 shows the number of records, average riding speeds and average loop distances for each of loops 1-6, for each of the three most popular ride distance categories (80, 120 and 160 km). were less likely to be categorised as FTQ LA (OR 0.63), while horses in rides of 160 km had an increased likelihood of being categorised as FTQ LA (OR 1.92). Field sizes of 29-59 horses were associated with an increased odds ratio (OR 1.18) compared to fields with fewer than 15 horses, but no statistically significant associations were found for other field sizes.
Results

Failure to qualify due to lameness outcomes
At horse level, horses >11 years of age had an increased odds (OR 1.1) of being categorised as FTQ LA compared to horses <7 years of age. Compared to horses with a previous ride distance of
80 km, horses which previously completed ≥90 km were at increased likelihood of being categorised as FTQ LA (OR 1.29 for previous ride distance 90-110km, OR 1.22 for previous ride distance of 120km or greater). Horses with a previous ride outcome of FTQ LA had an increased odds of another FTQ LA (OR 1.14), but a decreased odds of FTQ ME (OR 0.75), compared to horses which completed their previous ride successfully. Compared to horses who returned to competition more than 30 days after their mandatory rest period had expired, horses with less than 1 day over MRP were at increased odds of FTQ LA (OR 1.32). An association was also found for horses who had 3-9 days over MRP since their last competition, with OR 1.2.
At rider level, riders with three or more FTQ LA outcomes (OR 1.35 for riders with exactly three previous FTQ LAs, OR 1.14 for riders with four or more) or one FTQ ME (OR 1.09) in their history had increased odds of FTQ LA. The recent history of a horse also contributed to significant associations; compared to horses that had not been ridden in any FEI events in the previous 120 days, horses with any number or rides in the last 120 days had an increased odds of FTQ LA, with the OR increasing as the number of rides in that period increased -from OR 1.21 for horses with one previous ride to OR 1.79 for horses with three previous rides. Horses that had competed in an FEI event within the last 365 days had an increased odds of FTQ LA compared to horses with no rides in that period, with a lower OR for horses with two (OR 1.28) or three (OR 1.17) rides compared to those with a single ride (OR 1.34). Horses with four rides in the previous year had a slightly increased odds of FTQ LA (OR 1.23) compared to horses with three rides.
Horses ridden at speeds greater than 19.5 km/h in loop 2 were at increased odds of FTQ LA (OR 1.24) compared to those ridden at less than 15.3 km/h. In loop 3, horses ridden at greater than 19.7 km/h were at decreased odds of FTQ LA (OR 0.79) compared to those ridden at less than 14.8 km/h. The only second order interaction term retained in the final model was region group VII and fast riding during loop 2, with an OR of 1.12.
Failure to qualify due to metabolic problems Table 4 shows the significant (P < 0.05) results of the multivariable model for FTQ ME outcomes. Associations were found between region group VII and an increased odds of FTQ ME (OR 1.47) compared to region group I, while region group IX had a reduced odds of FTQ ME with OR 0.43. Compared to ride distances of 80 km, horses ridden distances of 100-120 km had an increased odds of FTQ ME, with OR 1.89 for 100km rides, OR 5.32 for 110km rides, and OR 1.74 for 120km
rides. Horses > 11 years of age (OR 1.45 compared to <7 years of age) and male riders (OR 1.42 compared to female riders) also had an increased odds of FTQ ME. Horses that waited 24-30 days over MRP after their previous FEI ride before competing again had an increased odds of FTQ ME, with OR 1.45 compared to those that waited > 30 days over MRP.
Rider history was associated with an increased odds of FTQ ME; riders with one or more previous FTQ MEs had an increased likelihood of the same outcome, with the OR increasing significantly between 1 (OR 1.34), 2 (OR 1.59), 3 (OR 1.55), and ≥4 previous FTQ MEs (OR 1.78).
The recent ride history of the horse was also significant in that the number of rides in the last 240 days was associated with increased likelihood of FTQ ME. Horses with one (OR 1.17) or two (OR 1.27) FEI rides were at increased odds compared to horses with zero or more than two FEI rides during that period.
Compared to horses ridden at less than 15.6 km/h in loop 1, horses ridden at speeds greater than 19.7 km/h were at increased odds of FTQ ME with OR 2.2. Tracking the change in speeds as horses progressed through loops 1 to 3, horses which were ridden 'slowly' (less than 16 km/h) in loop 3 after being ridden at 'fast' (greater than 20 km/h) or at 'medium' speeds (16-20 km/h) in loops 1 and 2 had an increased odds of FTQ ME compared to horses ridden 'slowly' throughout. Horses ridden more consistently at 'medium' or 'fast' speeds were at reduced odds of FTQ ME compared to
slower horses. Horses ridden at medium/medium/slow speeds in loops 1/2/3 respectively had an OR of 2.1, fast/fast/slow horses an OR of 2.29, and medium/fast/slow horses an OR of 5.09. Horses ridden with a profile of medium/medium/fast had an OR of 0.65, fast/medium/fast horses had an OR of 0.37, and horses ridden consistently fast in all three loops had an OR of 0.5.
Discussion
The results of this study demonstrate the possibility of building a predictive model that combines ride level risk factors with horse and rider history, and 'in-ride' factors, such as riding speed, which could provide information about which horses may require additional attention at veterinary inspections.
Variations in OR were found in different regions. One regional difference was individual riding speed; for example, 58.6% of region VII horses were ridden 'fast' compared to the global average, while for the rest of the world this proportion was 16.3%.
The OR for FTQ LA outcomes were increased in rides of 160 km compared to rides of 80 km, while the OR for FTQ ME outcomes were increased in rides of 120 km compared to rides of 80 km.
Although there were relatively small numbers of cases and controls, ride distances of 90 km were associated with decreased odds of FTQ LA, while 100 km and 110 km distances were associated with increased odds of FTQ ME. A linear association between longer distances and increased odds of injury has been reported in endurance rides in the USA (Fielding et al., 2011) and in Thoroughbred racing (Parkin et al., 2004; Perkins et al., 2005; Boden et al., 2007) . In other studies of endurance rides (Nagy et al., 2010 (Nagy et al., , 2014b , there were no significant associations between ride distance as a continuous variable and the odds of FTQ. Without significant associations for 120 km rides (for FTA LA outcomes) or 160 km rides (for FTQ ME outcomes), it is difficult to identify any linear trend here. On average, horses were ridden faster in rides of 120 km than in rides of 160 km, which could
explain the associations for FTQ LA outcomes. Similarly, horses with longer previous rides were more likely to be categorised as FTQ LA. This could be related to the physical toll that endurance takes on the musculoskeletal system of the horse, as well as general metabolic fatigue.
Rest periods between competitions were significant for both FTQ LA and FTQ ME outcomes.
In both cases, fewer days over MRP between competition were associated with increased odds of FTQ. The increased odds of FTQ LA associated with horses who returned to competition less than one day after their mandatory rest period expired is an indication that the introduction of MRPs in 2014 has had the intended effect. No associations were found for horses with a rest period of 1-2 days over MRP (i.e. those horses returning to competition immediately after their MRP expired). Horses who returned within 3-9 days of the end of their MRP were associated with increased odds of FTQ LA. Horses with 24-30 days over MRP were at increased odds of FTQ ME compared to horses with more than 30 days over MRP. No significant associations were found for other rest periods.
The results for 'number of rides in the last 120 (365) days' show that fewer rides for the horse over short periods are generally associated with lower odds. Additionally, over a period of one year, horses with any number of previous competitions (up to four in these data) were associated with increased odds of FTQ LA compared to horses with no competitions in the previous year.
No associations were found for the risk factor of 'horse's previous experience of 120 km+ rides', for either FTQ LA or FTQ ME outcomes. Previous studies of endurance rides (Nagy et al., 2014b) and Thoroughbred racing (Georgopoulos and Parkin, 2016) have found experienced horses to be associated with reduced odds of deleterious outcomes compared to horses that were inexperienced (in endurance) or less experienced (in racing).
Compared to horses that successfully completed their last ride, horses that experienced an FTQ LA outcome were more likely to experience another FTQ LA outcome and less likely to
experience an FTQ ME outcome, and vice versa. Previous studies of Thoroughbred racing have demonstrated that the number of previous injuries incurred is associated with an increased future likelihood of injury (Georgopoulos and Parkin, 2016) . Horses who experience an FTQ outcome have an additional mandatory rest period they must complete before competing again. These results suggest that the benefit of the extended rest period applies to all types of FTQ, not just the type of FTQ which resulted in the rest period.
Riders who had experienced previous FTQs were more likely to sustain the same type of FTQ (LA or ME) again in future rides. This potentially indicates that less-skilled riders will continue to make the same mistakes. Repeat same-combination pairs of horse and rider were infrequent (in the cohort of 35,061 horse starts studied, there were 16,087 returning combinations compared to 27,499 returning horses and 31,953 returning riders), although in these cases, rider history and horse history would have a more complex contribution to make to overall risk exposure.
Fast riding speeds in loops 1 and 2 were associated with increased odds of FTQ ME and FTQ LA outcomes, respectively. Going too fast during the first stage of a ride could fatigue the horse and lead to metabolic problems at any subsequent stage. Similarly, the aggravation of bone or ligament damage over time from riding fast, or recurrence of a pre-existing condition, could lead to physical problems during the ride (Estberg et al., 1996 (Estberg et al., , 1998 Williams et al., 2001; Parkin et al., 2005; Henley et al., 2006) . With regard to FTQ LA outcomes, it seems counterintuitive that horses ridden at speeds greater than 19.5 km/h (loop 2) and 19.7 km/h (loop 3) were associated with lower OR than horses ridden at less than 15.3 km/h (loop 2) and 14.8 km/h (loop 3), respectively. An answer to this is partially delivered by the subsequent results for changes in riding speeds over loops 1 to 3; horses ridden slowly in loop 3 after riding fast (or at medium speeds) in loops 1 and 2 were more likely to FTQ than horses ridden consistently slowly. It could be the case that, by loop 3, the highest risk and fastest ridden horses have either already FTQ, or have slowed to the point that their loop 3 speed is
significantly lower than their loop 1 and 2 speeds. For FTQ ME outcomes, horses ridden consistently at medium or fast speeds are less likely to FTQ than horses ridden consistently slowly. This leads to the hypothesis that, for well-prepared horses able to maintain a consistent speed appropriate for the horse and the ride conditions, a skilled rider will be able to safely complete the ride. However, the less well-prepared and less skilled combinations of horse and rider were perhaps less able to progress and finish successfully. This allows for the possibility of two 'real-time' risk factors that can be used during rides; early high loop speeds coupled with any sudden changes in riding speed between loops could signal to veterinarians that additional attention is required, i.e. these horses are at increased risk of imminent FTQ.
This study was intended to take as wide a view as possible of the available data, and as such included rides of all distances. However, it is important to note that loop 3 can be very different in terms of tactics and speed, depending on the total ride distance; in an 80 km ride, loop 3 usually will be the final loop, whereas in a 160 km ride, loop 3 might not even cover the halfway point. There is scope for further in-depth investigations of distance-specific cohorts, including further study with more specific groups of horse starts stratified by ride distance.
The riding speeds recorded in the GEIS have been calculated using the total loop times, including recovery time. This means that the recorded speeds are likely to be less than the actual speeds ridden by the horses. The results of the present study therefore probably underestimate the impact of fast riding speeds.
Terrain, going (condition of the course surface) and weather on the day undoubtedly play a part in limiting or allowing certain levels of speed. At the time of this study, such information was unavailable on the global scale. Another limitation of the study is that the GEIS contains only FEI level rides, such that every horse has taken part in sufficient national level rides to qualify for elite
endurance competition. For many horses, the FEI rides recorded in the GEIS will represent only part of their calendar of rides. Despite this limitation, the present study has produced results relating to horse and rider history which are statistically significant and have plausible physical explanations.
Ultimately, decisions during veterinary inspections are subjective and are dependent on the veterinary delegates acting upon the available information.
Conclusions
This detailed study of individual riding speeds in FEI endurance events has shown that fast riding speeds are a significant risk factor associated with negative outcomes for horses. In particular, riding 'fast' in the early stages of a ride (loops 1 and 2) was associated with an increased risk of FTQ ME. Furthermore, sudden drops in riding speed from 'fast' in loops 1 and 2 to 'slow' in loop 3 were associated with an increased likelihood of FTQ. This provides the opportunity to use predictive modelling 'in-ride' to estimate the real-time risk experienced by a cohort of horses.
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